Abstract. Background: Gonorrhoea notifications continue to rise among gay and bisexual men in Australia and around the world. More information is needed on infection trends, accounting for testing and complimented by demographics and risk practices. Methods: A retrospective cohort analysis was undertaken using repeat gonorrhoea testing data among gay and bisexual men from 2010 to 2017, which was extracted from a network of 47 sexual health clinics across Australia. Poisson and Cox regression analyses were used to determine temporal trends in gonorrhoea incidence rates, as well as associated demographic and behavioural factors. Results: The present analysis included 46 904 gay and bisexual men. Gonorrhoea incidence at any anatomical site increased from 14.1/100 person years (PY) in 2010 to 24.6/100 PY in 2017 (P < 0.001), with the greatest increase in infections of the pharynx (5.6-15.9/100 PY, P < 0.001) and rectum (6.6-14.8/100 PY, P < 0.001). After adjusting for symptomatic and contact-driven presentations, the strongest predictors of infection were having more than 20 sexual partners in a year (hazard ratio (HR) = 1.9, 95% confidence interval (CI): 1.7-2.2), using injecting drugs (HR = 1.7, 95%CI: 1.4-2.0), being HIV positive (HR = 1.4, 95%CI: 1.2-1.6) and being aged less than 30 years old (HR = 1.4, 95%CI: 1.2-1.6). Conclusions: Gonorrhoea has increased dramatically among gay and bisexual men in Australia. Enhanced prevention efforts, as well as more detailed, network-driven research are required to combat gonorrhoea among young men, those with HIV and those who use injecting drugs.
Introduction
In recent years, surveillance systems and epidemiological studies from several countries have shown substantial increases in Neisseria gonorrhoea diagnoses among gay, bisexual and other men who have sex with men. [1] [2] [3] [4] In Australia, a reliance on passive notification data challenges our ability to report on trends of gonorrhoea by exposure category, risk practice or HIV status, precluding a detailed understanding of the populations and subpopulations most affected by these observed changes.
Systems of case reporting are also strongly influenced by changes in diagnostic testing, which is particularly relevant for gonorrhoea given increases in comprehensive screening among gay and bisexual men, 5 the introduction of more sensitive nucleic acid amplification testing (NAAT) 6 and implementation of dual chlamydia-gonorrhoea testing in the microbiology departments of many Australian laboratories.
One way to assess if rising passive notifications reflect a changing rate of infection is by calculating the incidence of new infections.
While not yet possible at the level of an entire population, incidence can be calculated in Australia through the use of data on repeat gonorrhoea testing available from sexual health clinics, which also routinely collect detailed information on patient demographics and behaviours. Collectively, these data can be used to evaluate trends in epidemiology that account for changes in testing among clinic attendees and assess associated risks, both of which have implications for prevention and management. This paper presents a longitudinal analysis of gonorrhoea incidence among gay and bisexual men attending Australian sexual health clinics.
Methods
A retrospective cohort was constructed using routine testing data from 47 publicly funded sexual health clinics in Australia for the period 1 January 2010 to 31 December 2017. Consultation, demographic, behavioural and pathology data were extracted from sites participating in a sentinel surveillance network known as ACCESS (Australian Collaboration for Coordinated Enhanced Sentinel Surveillance), which has been previously described in more detail. 7 Patients were linked between and within services using anonymous identifiers. The cohort consisted of male patients aged 16 years and older who reported sexual contact with other men at any point during the 8-year study period.
Gonorrhoea incidence was calculated using repeat testing methods, which limited our analysis to only those patients with at least two gonorrhoea tests during the study period. An incident infection was defined as a negative test followed by a positive test, and time at risk was defined as the time between each patients' first test and their last test within the study period; more detail on this method of calculating incidence for bacterial sexually transmissible infections (STIs) has been published previously. 8 Time at risk was censored for 6 weeks following an incident infection to allow for treatment.
We stratified overall and annual incidence of gonorrhoea by anatomical site (any/all, urogenital, anorectal and pharyngeal), patient place of residence (urban or non-urban 9 ), self-reported injecting drug use in the 12 months before a consultation (yes/ no), condom use during anal sex in the 12 months prior (always/ sometimes or never) and number of sexual partners in the 12 months prior (<20/ 20 partners). Partner numbers were stratified in accordance with definitions of 'high risk' used to guide STI testing among gay men in Australia. 10 Wilcoxon rank sum tests were used to also assess temporal changes in the proportion of patients annually reporting injecting drug use, inconsistent condom use and a high number of sexual partners. Prescription data were used to stratify gonorrhoea incidence on the basis of HIV pre-exposure prophylaxis (PrEP) among HIV-negative men.
Changes in incidence over time were assessed by fitting year as an independent variable in Poisson regression analyses. To account for uneven time at risk in the first and last years of this analysis, we extended calculations back to 2009 and into the first quarter of 2018. The number of tests per patient per year was controlled for in the regression analysis, in order to account for the possibility of changes in incidence due to increasing or decreasing test frequency over time. Further, we compared changes over time between clinics that utilised NAAT for gonorrhoea over the study duration and those that switched from culture at some point between 2010 and 2017. Patient factors (excluding PrEP) were included in a Cox proportional hazards model, with incident gonorrhoea at any anatomical site as the dependent variable, stratified by clinic to account for potential clustering. The model also controlled for patient age (stratified at the median for our sample: <30/ 30 years) and if patients were symptomatic or attended as the result of contact tracing.
ACCESS received ethical approval from the human research ethics committee of the Alfred Hospital (248/17) and from two committees representing the interests of gay and bisexual men (AIDS Council of New South Wales and the Victorian AIDS Council).
Results

Participants
From 2010 to 2017, a total of 75 723 individual gay and bisexual men attended a participating clinic; of those 46 904 (62%) had at least two tests for gonorrhoea. Our sample comprised 14% men who were HIV positive and 61% born in Australia. At their first visit during the study period, the median age of HIV-positive clinic attendees was 37 years (interquartile range (IQR): 30-46) and 29 years for HIV-negative men (IQR: 24-38, P < 0.001). Most participants lived in urban areas (78% of HIV-positive men and 88% of HIV-negative men, P < 0.001).
During the study period, 13% of HIV-positive men and 5% of HIV-negative men reported injecting drug use at least once (P < 0.001), which increased over time among both groups: 6% of HIV-positive and 3% of HIV-negative men reported injecting drug use in the 12 months before their consultation in 2010, which increased to 9% and 4% respectively in 2017 (P's <0.001). Overall, 50% of HIV-positive and 44% of HIVnegative men reported at least one instance of 20 or more sexual partners in the 12 months before a consultation (P < 0.001) while, by year, the proportion of HIV-negative men reporting more than 20 partners increased from 28% in 2010 to 38% in 2017 (P < 0.001), but remained stable among HIV-positive men (36% in 2010 and 30% in 2017, P = 0.1). In total, 5292 men were identified as receiving PrEP from a participating clinic at least once between 2014 and 2017, representing 15% of the HIV-negative men in our sample.
Overall gonorrhoea incidence rates
The median time between gonorrhoea tests at any anatomical site was 190 days among HIV-negative men and 270 days among HIV-positive men (P < 0.001). The overall incidence rate for infections at any anatomical site was 20.0/100 PY (95%CI: 19.7-20.3). Among HIV-negative men, the rate was 18.7/100 PY (18.4-19.0) and 29.1/100 PY among HIV-positive men (95%CI: 28.2-30.1, P < 0.001). Men who attended for testing on account of symptoms had an incidence rate at any anatomical site of 40.7/100 PY (95%CI: 39.0-42.7), while those tested asymptomatically had a rate of 19.0/100 PY (95%CI: 18.7-19.3, P < 0.001). Table 1 details the total number of incident gonorrhoea and time at risk among gay and bisexual men from 2010 to 2017, stratified by year, anatomical site and HIV status.
Annual gonorrhoea incidence rates
Overall, the incidence of gonorrhoea at any anatomical site increased from 14.1/100 PY in 2010 to 24.6/100 PY in 2017 (P < 0.001; Table 1 ), an increase that was significant even after controlling for the frequency with which men tested. The incidence rate of anorectal gonorrhoea more than doubled during the study period (6.6/100 PY in 2010 to 14.8/100 PY in 2017, P < 0.001) while the incidence of pharyngeal gonorrhoea nearly tripled (5.6-15.9/100 PY, P < 0.001). These dramatic changes contrast with urogenital incidence over the 8 study years, which increased but to a lesser degree (5.0 to 8.2/ 100 PY, P < 0.001). Figure 1 shows the changes to incidence over time by anatomical site. Increases in incidence were observed across sites that used NAAT for the entirety of the study period (14.5-26.3/100 PY, P < 0.001) and those that switched from culture testing (13.3-22.1/100 PY, P < 0.001), suggesting that testing technology was not primarily responsible for the temporal changes observed in this analysis.
From 2010 to 2017, gonorrhoea incidence at any anatomical site increased from 13.1/100 PY to 23.2/100 PY among HIVnegative men (P < 0.001) and from 21.2/100 PY to 37.7/100 PY among HIV-positive men (P < 0.001). Overall, men living in urban areas had a higher and increasing rate of infection (14.7/ 100 PY in 2010 to 26.2/100 PY in 2017, P < 0.001) when compared with men living in non-urban areas (13.1/100 PY in 2010 and 14.3/100 PY in 2017, P = 0.1). And while incidence of gonorrhoea increased across age groups, it was higher overall among gay and bisexual men younger than 30 years.
There were notable differences in annual gonorrhoea incidence on the basis of self-reported risk behaviour. From 2010 to 2017, gonorrhoea incidence increased among men who used condoms inconsistently during anal sex (16.5/100 PY to 41.3/100 PY, P < 0.001) but also, although to a lesser degree, among those who reported always using condoms (10.9/100 PY to 17.5/100 PY, P < 0.001). Gonorrhoea incidence among men who reported more than 20 sexual partners in 12 months was 53.9/100 PY in 2017, up from 22.8/100 PY in 2010 (P < 0.001). Notably, although lower overall, the incidence of gonorrhoea also rose significantly among men reporting fewer than 20 partners in a year: from 9.6/100 PY in 2010 to 22.2/100 PY in 2017 (P < 0.001). And for men who reported injecting drug use, gonorrhoea incidence increased from 22.4/100 PY to 56.2/ 100 PY (P < 0.001), while increasing from 14.3/100 PY to 25.0/ 100 PY (P < 0.001) among men who did not report injecting. These changes are shown in Figure 2 . From 2014 to 2017, the incident rate of gonorrhoea among men receiving PrEP from a sexual health clinic was 36.9/100 PY (95%CI: 35.5-38.4), which compared with 18.6/100 PY among HIV-negative men not receiving PrEP (95%CI: 18.2-19.0, P < 0.001).
In the multivariate analysis, after adjusting for symptom status and self-report STI contact, the following factors were independently associated with incident gonorrhoea at any anatomical site: being HIV positive (hazard ratio (HR) = 1.4, 95%CI: 1.2-1.6, P < 0.001), being under 30 years (HR = 1.4, 95%CI: 1.2-1.5, P < 0.001), being born in Australia (HR = 1.2, 95%CI: 1.1-1.4, P = 0.001) and, in the 12 months before an infection, injecting drug use (HR = 1.7, 95%CI: 1.4-2.0, P < 0.001), inconsistent condom use during anal sex (HR = 1.4, 95%CI: 1.3-1.6, P < 0.001) and having 20 or more sexual partners (HR = 1.9, 95%CI: 1.7-2.2, P < 0.001). It is worth noting that significant differences in gonorrhoea incidence between men in urban and non-urban areas became inconsequential after controlling for sexual partner numbers.
Discussion
The incidence of gonorrhoea among gay and bisexual men attending Australian sexual health clinics has increased dramatically over time, most prolifically in the throat. We identified several associated and unsurprising behavioural Men testing positive at multiple anatomical sites were collapsed into a single incident infection for assessing incidence at 'any site'.
covariates -condom (non) use and having many sexual partners -but also found that injecting drugs was a significant predictor of infection. Younger men, those born in Australia, and those with HIV were all more likely than their peers to be diagnosed with gonorrhoea, and men who received PrEP were considerably more likely to become infected during the study period.
Although gonorrhoea incidence increased across anatomical sites, by far the greatest change was in infection of the throat. Modelling research has previously highlighted oral sex as key in sustaining endemic gonorrhoea among gay and bisexual men, 11 and it is likely that it is, at least partly, driving the overall rise in gonorrhoea documented by our analysis. With emerging evidence suggesting that it may even be possible to transmit infection via kissing, 12 it is clear that greater attention needs to be paid to the throat and its role in rising rates of gonorrhoea in Australia. The use of mouthwash may hold some promise here, but more research is required to understand the degree to which such an intervention can stem infection rates. 13, 14 Renewed attention to collecting throat swabs for gay men is also important. While pharyngeal samples were commonly collected from men attending sexual health clinics included in this analysis, other research has found that they may be missed in other settings, notably in general practice clinics where so much Australian screening takes place. 15 Injecting drug use was a significant predictor of incident gonorrhoea even though not itself a route for infection. In Australia, gay men most commonly inject crystal methamphetamine, which has strong associations with sexual subcultures of intensive sex partying or what is sometimes known as 'chemsex' 16 . Previous research has documented that for some men, these subcultures are associated with increased sexual and non-sexual risk taking, 17 but it is notable that even after accounting for condom use and partner numbers, injecting drugs remained significantly associated with incident gonorrhoea. This finding echoes similar findings from a smaller Melbourne-based study, which in 2016 found that individuallevel factors of condom use and partner numbers only explained part of the risk for infection among gay and bisexual men. 18 Collectively, these findings suggest that a more nuanced understanding of the sexual behaviours associated with injecting drug use and the sexual networks of men who use drugs in this way is needed, including the clustering of gonorrhoea defined (or not) by these networks. Gonorrhoea incidence was much higher among men receiving PrEP from sexual health clinics than other men, which is consistent with earlier research. 19 The use of PrEP in lieu of condoms to prevent HIV is the most likely explanation for the dramatic difference in gonorrhoea incidence, including the increase in anorectal infections in the period following the introduction of several large PrEP implementation trials in Australia. It is worth noting, however, that gonorrhoea rates were increasing in the years before PrEP was even introduced, so while its effect on behaviour is likely to exacerbate an already significant problem, the issue of gonorrhoea requires broader consideration for risk and prevention that moves beyond a sole focus on PrEP, condoms or anal sex.
As noted, several other Western, English-speaking countries have observed increases in gonorrhoea diagnoses among men in recent years. Population-level estimates of gonorrhoea incidence among gay men in the USA found a 151% increase from 2010 to 2015, suggesting an even greater increase than observed in Australia. In Canada, data from one sentinel surveillance system in British Columbia found that incident gonorrhoea among gay men had been increasing steadily since 2008, with -as observed here -higher rates among younger men and those living with HIV, 2 trends and relationships that have been observed in England as well. 4 Overall, the epidemiological similarities between Australia and these countries suggest the need for greater collaboration and connection between respective health departments and researchers, including any attempt to implement or evaluate gonorrhoea-focused interventions.
There are a few considerations when interpreting these data. First, our sample consisted of men attending sexual health clinics, services that tend to attract individuals with higher infection risk profiles than community samples. 20 Second, trends in incidence calculated from clinical populations may be biased if the characteristics of the population changes over time. To minimise this potential, we controlled for several demographic and behavioural risk factors. Importantly, our assessment of these factors was limited to those routinely collected by participating services, which serve clinical and not research purposes. More factors than were assessed here and, in some cases greater nuance of existing factors (e.g. condom use with casual vs regular partners), are likely contributors to gonorrhoea diagnoses among gay men. Indeed, the reliance on routinely collected and the retrospective nature of the data used for this analysis should be recognised as a potential limitation. And finally, it is feasible that changes in testing frequency might bias incidence calculated through repeat testing, but we accounted for this potential by controlling for test frequency in our regression analyses of incidence trends over time.
Overall, this analysis suggests that there has been a major increase in gonorrhoea among gay and bisexual men in Australia, one that is not driven (at least not exclusively) by increases in testing or the introduction of PrEP. Targeted interventions and nuanced policy and research are required to meet the spread of gonorrhoea among these men and reduce its overall burden.
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